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1
ELECTRIC POWER STEERING DEVICE

TECHNICAL FIELD

An electric power steering device of the present invention
1s to be mcorporated 1nto a steering device of an automobile
and 1s to use an electric motor as an auxiliary power, thereby
reducing a force necessary for a driver to operate a steering,
wheel.

RELATED ART

When applying a steering angle to steered wheels (gen-
erally, front wheels except for a special vehicle such as a
torkliit), a power steering device has been widely used as a
device for reducing a force necessary for a driver to operate
a steering wheel. Also, regarding the power steering device,
an eclectric power steering device configured to use an
clectric motor as an auxiliary power source has also been
recently spread. The electric power steering device has
merits that 1t can be made smaller and lighter and can easily
control a magnitude (torque) of auxiliary power and a power
loss of an engine 1s less, as compared to a hydraulic power
steering device.

Regarding a structure of the electric power steering
device, a variety of structures have been known. However,
in any structure, a rotary shaft configured to rotate in
accordance with an operation of the steering wheel and to
apply a steering angle to the steered wheels by the rotation
1s applied with the auxiliary power of the electric motor via
a decelerator. As the decelerator, a worm decelerator has
been generally used. In the case of the eclectric power
steering device using the worm decelerator, a worm config-
ured to rotate by the electric motor and a worm wheel
configured to rotate together with the rotary shaft are
meshed with each other so that the auxiliary power of the
clectric motor can be freely transmitted to the rotary shaft.

For example, Patent Document 1 discloses an electric
power steering device as shown i FIGS. 15 and 16. A front
end portion of a steering shait (rotary shaft) 2 configured to
rotate 1n a predetermined direction by a steering wheel 1 1s
rotatably supported within a housing 3, and a worm wheel
5 configuring a worm decelerator 4 1s fixed to the corre-
sponding part. Worm teeth 7, which are formed on an axially
intermediate part of a worm shait 6 configuring the worm
decelerator 4 (unless otherwise mentioned, an axial direc-
tion, a radial direction and a circumferential direction i1n the
specification and the claims indicate respective directions
with respect to the worm shatft), are configured to mesh with
the worm wheel 5. The worm shatt 6 1s configured to rotate
by an electric motor 8. Both end portions of the worm shatt
6 are rotatably supported 1n the housing 3 by a pair of rolling
bearings 9a, 9b such as deep groove ball bearings or the like.
At this state, the worm wheel 5 and the worm teeth 7 are
meshed, so that auxiliary power of the electric motor 8 can
be transmitted to the worm shait 6.

The structure of the electric power steering device 1s
described 1n more detail with reference to FIG. 17. The
worm wheel 5 1s externally fitted and fixed to a rotary shaft
10, which 1s an output part of the electric power steering
device, between a pair of rolling bearings 11a, 1156 by
interference fit or the like and 1s configured to rotate together
with the rotary shaft 10. The rotary shaft 10 1s coupled with
the front end portion of the steering shatt 2 by a torsion bar
12 at a state with being supported in the housing 3 by both
the rolling bearing 11a, 115 only to be freely rotatable. The
clectric motor 8 (refer to FIGS. 15 and 16) 1s configured to
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2

rotate the worm shait 6 1n accordance with a direction and
a magnitude of torque that i1s to be detected by a torque
sensor 13 and to be applied to the steering shait 2, thereby
applying auxiliary torque to the rotary shait 10. The rotation
of the rotary shaft 10 1s transmitted to an mput shaft 17 (refer
to FIG. 15) of a steering gear unit 16 via a pair of universal
joints 14a, 145 and an intermediate shaft 15, thereby apply-
ing a desired steering angle to the steered wheels.

According to the above-described electric power steering
device that has been generally used, the worm decelerator 4
has inevitable backlash due to size errors, mounting errors
and the like of the worm wheel 5, the worm shait 6, bearings
for supporting the respective members 5, 6 and the like,
which are constitutional members of the worm decelerator 4.
When the backlash increases, the teeth of the worm wheel 5
and the worm shait 6 strongly strike each other, so that a
jagged gear-tooth striking sound may be generated.

Therefore, according to the conventional structure as
described above, the worm teeth 7 of the worm shaft 6 are
pressed toward the worm wheel 5 by an elasticity applying
means 18 provided at a tip portion (a right end portion in
FIG. 16) of the worm shaft 6. In the meantime, since a
structure of the elasticity applying means 18 1s described 1n
detail in Patent Document 2 and the like, for example, the
specific description thereof 1s omuitted.

According to the conventional structure as described
above, 1t 1s possible to suppress the backlash between the
worm shaft 6 and the worm wheel 5 and to suppress the
generation of the gear-tooth striking sound by the elasticity
applying means 18.

However, according to the conventional structure as
described above, since the worm wheel 5 expands or con-
tracts due to a change in temperature upon the using, a
backlash amount of the meshing part between the worm
wheel 5 and the worm teeth 7 of the worm shaift 6 1s changed.

CITATION LIST

Patent Documents

Patent Document 1: Japanese Patent Application Publication
No. 2011-94763 A

Patent Document 2: Japanese Patent Application Publication
No. 2007-203947A

SUMMARY OF THE INVENTION

Problems to be Solved

The present invention has been made in view of the above
problems, and an object of the present mvention 1s to
implement a structure capable of keeping backlash of a
meshing part between worm teeth configuring a worm shaft
and a worm wheel to an appropriate magnitude, irrespective
of expansion and contraction of the worm wheel.

Means for Solving the Problems

An electric power steering device of the present invention
has a housing, a rotary shaift for steering, a worm wheel, a
worm shait and an electric motor.

The housing i1s fixed to a fixed part such as a vehicle body
and does not rotate.

The rotary shaft for steering 1s rotatably provided to the
housing and 1s configured to rotate in accordance with an
operation of a steering wheel and to apply a steering angle

to steered wheels by the rotation.
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The worm wheel 1s supported to a part of the rotary shaft
for steering concentrically with the rotary shatt for steering
within the housing and 1s configured to rotate together with
the rotary shatt for steering.

The worm shaft has worm teeth provided on an axially
intermediate part. The worm shaift of which parts (for
example, both axial end portions) except for the worm teeth
1s rotatably supported to the housing by bearings with the
worm teeth being meshed with the worm wheel.

The electric motor 1s provided to rotate the worm shaft.

In particular, the electric power steering device of the
present invention includes a composite metal member (for
example, bimetal). The composite metal member 1s formed
by laminating a plurality of metal plates having different
thermal expansion coetlicients. The composite metal mem-
ber 1s capable of causing the worm shaift to oscillate and be
displaced away from the worm wheel on the basis of
deformation of the composite metal member when a tem-
perature thereol becomes higher than a reference tempera-
ture. The composite metal member 1s capable of causing the
worm shaft to oscillate and be displaced toward the worm
wheel on the basis of deformation of the composite metal
member when the temperature thereof becomes lower than
the reference temperature.

In the meantime, the reference temperature 1s a tempera-
ture when switching an oscillation direction of the worm
shaft so as to adjust a backlash amount of a meshing part
between the worm teeth of the worm shaft and the worm
wheel and 1s a value that 1s to be appropriately set by a
relation between a temperature at an operating state and a
thermal expansion coeflicient of the worm wheel, for
example. Also, a shape (whether or not deformation) of the
composite metal member at the reference temperature 1s not
particularly limited.

Also, when implementing the present invention, follow-
ing configurations are also possible.

The two composite metal members are held at radially
opposite parts of the worm shait by a holder.

Also, the composite metal member of the two composite
metal members, which 1s close to the worm wheel, 1s
configured to cause the worm shait to oscillate and be
displaced away from the worm wheel on the basis of
deformation of the composite metal member when a tem-
perature thereot becomes higher than the reference tempera-
ture.

Further, the composite metal member of the two compos-
ite metal members, which 1s distant from the worm wheel,
1s configured to cause the worm shaft to oscillate and be
displaced toward the worm wheel on the basis of deforma-
tion of the composite metal member when a temperature
thereol becomes lower than the reference temperature.

Also, when implementing the present invention, follow-
ing configurations are also possible.

When the composite metal member close to the worm
wheel applies to the worm shaft one pressing force for
causing the worm shatt to oscillate and be displaced away
from the worm wheel, the composite metal member distant
from the worm wheel may not apply to the worm shait a
pressing force of an opposite direction to the one pressing
force.

On the other hand, when the composite metal member
distant from the worm wheel applies to the worm shait the
other pressing force for causing the worm shait to oscillate
and be displaced toward the worm wheel, the composite
metal member close to the worm wheel may not apply to the
worm shait a pressing force of an opposite direction to the
other pressing force.
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Also, when implementing the present invention, follow-
ing configurations are also possible.

The holder 1s configured by a fixed-side holder and a
displacement-side holder.

Also, the fixed-side holder 1s formed to have a cylinder
shape and 1s supported and fixed so that an outer peripheral
surface of the fixed-side holder 1s internally fitted to an 1nner
peripheral surface of the housing.

Also, the displacement-side holder 1s formed to have a
cylinder shape and 1s supported to a part of the worm shatft,
which 1s inserted into an inner diameter-side part of the
fixed-side holder.

The respective composite metal members are held at
radially opposite parts between an inner peripheral surface
of the fixed-side holder and an outer peripheral surface of the
displacement-side holder.

Also, when implementing the present invention, a follow-
ing configuration 1s also possible.

The oscillation and displacement of the displacement-side
holder 1s guided by the fixed-side holder.

Also, when implementing the present invention, a follow-
ing configuration 1s also possible.

The respective composite metal members are configured
so that they are to be symmetrically deformed with respect
to a central axis of the worm shaft.

Also, when implementing the present invention, a follow-
ing configuration 1s also possible.

The respective composite metal members are configured
so that they are to be deformed 1n the same direction.

Also, when implementing the present invention, follow-
ing configurations are also possible.

A sectional shape of an inner surface of the fixed-side
holder with respect to a virtual plane orthogonal to a central
axis of the worm shaft 1s formed to have a rectangular shape.

Also, a sectional shape of an outer surface of the dis-
placement-side holder with respect to the virtual plane 1s
formed to have a rectangular shape.

Also, a pair of radially opposite inner surfaces of an inner
surface of the fixed-side holder 1s respectively configured as
a first fixed-side mner surface and a second fixed-side 1inner
surface, and outer surfaces of the displacement-side holder
facing the first and second fixed-side mnner surfaces are
configured as a first displacement-side outer surface and a
second displacement-side outer surtace.

Also, both end portions 1n a width direction of the first
fixed-side inner surface are formed with a pair of first
fixed-side convex portions.

Also, a central portion 1n a width direction of the second
fixed-side mner surface 1s formed with a second fixed-side
convex portion.

Also, a central portion 1n a width direction of the first
displacement-side outer surface 1s formed with a first dis-
placement-side convex portion.

Also, both end portions 1n a width direction of the second
displacement-side outer surface are formed with a pair of
second displacement-side convex portions.

Also, one of the respective composite metal members 1s
disposed between the first fixed-side nner surface and the
first displacement-side outer surface. Also, at this state, both
end portions 1n the width direction of a side surface facing
the fixed-side holder are 1n contact with tip surfaces of both
the first fixed-side convex portions, and a central portion in
the width direction of a side surface facing the displacement-
side holder are 1n contact with a tip surface of the first
displacement-side convex portion.

Further, the other composite metal member of the respec-
tive composite metal members 1s disposed between the
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second fixed-side inner surface and the second displace-
ment-side outer surface. Also, the other composite metal
member 1s disposed at a state where a central portion 1n the
width direction of a side surface facing the fixed-side holder
1s 1n contact with a tip surface of the second fixed-side
convex portion and both end portions 1n the width direction
of a side surface facing the displacement-side holder are 1n
contact with tip surfaces of both the second displacement-
side convex portions.

Also, the electric power steering device of the present
invention may further have a pressing member.

The pressing member 1s provided to press the worm shatft
toward the worm wheel.

In particular, the electric power steering device of the
present invention has a composite metal member, which 1s
formed by laminating a plurality of metal plates having
different thermal expansion coetlicients, between an end
portion of both end portions of the pressing member, which

1s opposite to the worm shaft, and the inner peripheral
surface of the housing.

The above composite metal member can be deformed in
a direction of suppressing a magnitude of a pressing force,
by which the pressing member 1s to press the worm shaft
toward the worm wheel, from increasing when a temperature
thereot becomes higher than the reference temperature. On
the other hand, the above composite metal member can be
deformed 1n a direction of suppressing the magnitude of the
pressing force, by which the pressing member 1s to press the
worm shait toward the worm wheel, from decreasing when
the temperature thereof becomes lower than the reference
temperature. In the meantime, the reference temperature can
be set to a temperature at which the backlash amount of the
meshing part between the worm teeth of the worm shait and
the worm wheel has an appropriate magmitude at a state
where the pressing member presses the worm shatt toward
the worm wheel. The reference temperature 1s a value that 1s
to be appropnately set by a relation between a temperature
at an operating state and a thermal expansion coeflicient of
the worm wheel, for example. Also, a shape (whether or not
deformation) of the composite metal member at the refer-
ence temperature 1s not particularly limited.

When implementing the present immvention, a configura-
tion may be further adopted in which the composite metal
member 1s deformed 1n a direction 1n which a position of an
end portion of the pressing member opposite to the worm
shaft 1s permitted to be displaced away from the worm shait
i the temperature thereof becomes higher than the reference
temperature, as compared to a case where the temperature
thereol 1s the reference temperature, and the composite
metal member 1s deformed 1n a direction in which the
position of the end portion of the pressing member opposite
to the worm shatt 1s permitted to be displaced toward the
worm shait 1f the temperature thereol becomes lower than
the reference temperature, as compared to the case where the
temperature thereotf 1s the reference temperature.

When implementing the present immvention, a configura-
tion may be further adopted in which the composite metal
member and the pressing member are held by the holder.

In this case, a configuration may be further adopted in
which the holder 1s configured by the fixed-side holder and
the displacement-side holder.

When the above configurations are adopted, the fixed-side
holder 1s formed to have a cylinder shape and 1s supported
and fixed with the outer peripheral surface thereof being
internally fitted to the mner peripheral surface of the hous-
ing.
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Also, the displacement-side holder 1s formed to have a
cylinder shape and 1s supported to the part of the worm shatft,

which 1s imnserted into the iner diameter-side part of the
fixed-side holder.

Also, a configuration may be adopted 1n which the com-
posite metal member and the pressing member are held
between the 1inner peripheral surface of the fixed-side holder
and the outer peripheral surface of the displacement-side
holder.

In this case, a configuration may be further adopted 1n

which the oscillation and displacement of the displacement-
side holder 1s guided by the fixed-side holder.

.

‘ects of the Invention

[T

According to the present invention having the above
configuration, it 1s possible to keep the backlash at the
meshing part between the worm teeth configuring the worm
shaft and the worm wheel to an appropriate magnitude,
irrespective of the expansion and contraction of the worm
wheel.

That 1s, the present mvention provides the composite
metal member that can cause the worm shatt to oscillate and
be displaced away from the worm wheel when the tempera-
ture of the composite metal member becomes higher than
the reference temperature and cause the worm shait to
oscillate and be displaced toward the worm wheel when the
temperature of the composite metal member becomes lower
than the reference temperature. For this reason, even when
the worm wheel 1s thermally expanded or contracted in
association with a change 1n temperature and the backlash
amount of the meshing part 1s thus changed, it 1s possible to
cause the worm shait to oscillate and be displaced through
the deformation of the composite metal member, thereby
keeping the backlash of the meshing part to an appropnate
magnitude.

Also, according to the present invention having the above
configuration, 1t 1s possible to keep the pressing force, which
1s to press the worm shait toward the worm wheel, to an
appropriate magnitude, irrespective of the expansion and
conftraction of the worm wheel.

That 1s, the present mvention provides the composite
metal member that 1s to be deformed in a direction of
suppressing the magnitude of the pressing force, by which
the pressing member 1s to press the worm shaft toward the
worm wheel, from increasing when a temperature thereof
becomes higher than the reference temperature and that 1s to
be deformed 1n a direction of suppressing the magnmitude of
the pressing force, by which the pressing member 1s to press
the worm shait toward the worm wheel, from decreasing
when the temperature thereol becomes lower than the ref-
erence temperature. For this reason, even when the worm
wheel 1s thermally expanded or contracted in association
with a change in temperature, 1t 1s possible to keep the
pressing force, by which the pressing member 1s to press the
worm shaft toward the worm wheel, and the backlash of the
meshing part between the worm shaft and the worm wheel
to appropriate magnitudes. As a result, it 1s possible to
prevent a rictional force from increasing and the gear-tooth
striking sound from being generated at the meshing part.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a partial cutout side view depicting a first
example of an embodiment of the present invention, and
FIG. 1B 1s a sectional view taken along a line A-A of FIG.
1A.
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FIGS. 2A and 2B are the same views as FIGS. 1A and 1B,
illustrating a state of a worm shaft when bimetal 1s deformed

as a temperature icreases.

FIGS. 3A and 3B are the same views as FIGS. 1A and 1B,
illustrating a state of the worm shaft when bimetal is
deformed as the temperature decreases.

FIG. 4 1s the same view as FIG. 1B, depicting a second
example of the embodiment of the present invention.

FIG. 5 1s the same view as FIG. 1B, depicting a third
example of the embodiment of the present invention.

FIGS. 6 A and 6B are the same views as FIGS. 1A and 1B,
depicting a fourth example of the embodiment of the present
invention.

FIGS. 7A and 7B are the same views as FIGS. 6 A and 6B,
illustrating a state of the worm shaft when bimetal is
deformed as the temperature increases.

FIG. 8 1s the same view as FIG. 1B, depicting a {fifth
example of the embodiment of the present invention.

FI1G. 9 1s the same view as FIG. 2B, illustrating a state of
the worm shait when bimetal 1s deformed as the temperature
1ncreases.

FIG. 10 1s the same view as FIG. 3B, illustrating a state
of the worm shait when bimetal 1s deformed as the tem-
perature decreases

FIGS. 11A and 11B are the same views as FIGS. 1A and
1B, depicting a sixth example of the embodiment of the
present mvention.

FIGS. 12A and 12B are the same views as FIGS. 11A and
11B, illustrating a state of the worm shaft when bimetal 1s
deformed as the temperature increases.

FIGS. 13A and 13B are the same views as FIGS. 11 A and
11B, illustrating a state of the worm shaift when bimetal 1s
deformed as the temperature decreases.

FI1G. 14 1s the same view as FIG. 11B, depicting a second
example of the embodiment of the present invention.

FIG. 15 1s a partial cutout side view depicting an example
ol a structure of the related art.

FIG. 16 1s an enlarged sectional view taken along a line
B-B of FIG. 15.

FI1G. 17 1s a view corresponding to a C-C section of FIG.
16, depicting the specific structure.

DETAILED DESCRIPTION OF EMBODIMENTS

First Example of Embodiment

A first example of an embodiment of the present invention
1s described with reference to FIGS. 1 to 3. In the meantime,
a feature of an electric power steering device of the first
example 1s a structure where a tip portion of a worm shaft
6a configuring a worm decelerator 4a 1s supported with
respect to a housing 3. The configurations of other parts are
basically the same as the structure of the related art shown
in FIGS. 15 to 17. For this reason, the descriptions and
illustrations of the overlapping parts will be omitted or
simplified. Hereinafter, the feature of the first example and
parts, which are not described 1n the above, will be mainly
described.

[ike the above-described structure of the related art,
according to an electric power steering device of the first
example, a front end portion of a steering shaft 2 configured
to rotate 1n a predetermined direction by a steering wheel 1
(refer to FIG. 15) 1s rotatably supported in the housing 3, and
a worm wheel 5 configuring a worm decelerator 4a 1s fixed
to the corresponding part. Meanwhile, 1n the first example,
the steering shaft 2 1s a member corresponding to the rotary
shaft for steering of the claims. Also, worm teeth 7a formed
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on an axially intermediate part of the worm shait 6a con-
figuring the worm decelerator 4a are meshed with the worm
wheel 5.

In the first example, the worm wheel 3 has a radial inner
end portion and an intermediate part made of metal and a
radial outer end portion, which includes teeth (not shown)
formed on an outer peripheral surface and i1s made of a
synthetic resin. Thereby, 1t 1s mntended to reduce a gear-tooth
striking sound to be generated at the meshing part and a
sliding noise upon operation and to save a weight.

The worm shaft 6a has a configuration where an axially
intermediate part of a base end-side shaft part 19 provided
close to a base end (a nght end 1 FIG. 1) 1s supported to an
inner peripheral surface of a part close to one end (a right
end i FIG. 1) of a worm shaft accommodation part 20
configuring the housing 3 via a rolling bearing 95 so that 1t
can rotate and oscillate and be displaced about the rolling
bearing 95. In the meantime, 1 order to support the worm
shaft 6a so that 1t can oscillate and be displaced about the
rolling bearing 95, a slight gap 1s formed between an outer
peripheral surface of the axially intermediate part of the base
end-side shait part 19 and an mner peripheral surface of an
iner ring 215 of the rolling bearing 95. Alternatively, the
worm shaft 6a may be supported to oscillate and be dis-
placed about the rolling bearing 96 by using an iternal gap
of the rolling bearing 95, instead of forming the slight gap.

Also, an outer ring 225 of the rolling bearing 95 has other
axial end surface (a left end surface in FIG. 1) 1n contact
with a stepped portion 23 formed over an entire circumier-
ence of an mnner peripheral surface of a part close to one
axial end of the worm shait accommodation part 20. In the
meantime, when it 1s intended to axially position the outer
ring 22b, one axial end surface of the outer ring 2256 1s
contacted to other axial end surface of a snap ring engaged
with an engaging concave groove (not shown) formed on
one axial part, which 1s beyond the stepped portion 23, of the
inner peripheral surface of the worm shaft accommodation
part 20.

Also, one axial end portion of the base end-side shaft part
19 has a male spline part 24 formed on an outer peripheral
surface thereof and spline-engaged with a female spline part
26 formed on an mner peripheral surface of a joint 25 fixed
to a tip portion of an output shait of the electric motor 8. In
this way, a driving force of the electric motor 8 can be
transmitted to the worm shaft 6a.

In the meantime, a tip-side shatit part 27 provided at a tip
portion (a left end portion 1 FIG. 1) of the worm shait 6a
1s supported to an mnner part (a left end portion in FIG. 1) of
the worm shaft accommodation part 20 via a rolling bearing
9a and an oscillation mechanism 28 provided at an outer
diameter-side of the rolling bearing 9a so that 1t can rotate
relative to the housing 3. Specifically, an outer peripheral
surface of the tip-side shaft part 27 i1s internally fitted and
fixed to an iner peripheral surface of an inner ring 2la
configuring the rolling bearing 9a by interference fit, and an
outer ring 22a configuring the rolling bearing 9a 1s internally
fitted and fixed to an 1nner peripheral surface of a displace-
ment-side holder 29 configuring the oscillation mechanism
28.

The oscillation mechanism 28 has the displacement-side
holder 29, a fixed-side holder 30 and a pair of bimetals 31a,
31b.

The displacement-side holder 29 1s made of a synthetic
resin having suflicient strength, stiflness, heat resistance and
o1l resistance such as a high function resin, and has a
cylinder shape of which both axial ends are opened. A
sectional shape of an outer peripheral surface of the dis-




US 10,359,105 B2

9

placement-side holder 29 with respect to a virtual plane
orthogonal to a central axis of the worm shait 6a 1s sub-
stantially rectangular. Likewise, a sectional shape of an inner
peripheral surface with respect to the virtual plane 1s circu-
lar.

Also, both surfaces (both surfaces 1n a left-right direction
of FIG. 1B) 1n a width direction of the displacement-side
holder 29 of an outer surface of the displacement-side holder
29 1s formed as flat surfaces, and are configured as a pair of
oscillated guide surfaces 32, 32.

Also, a central portion in the width direction of a first
displacement-side outer surface 33, which 1s one surface (an
upper suriace in FIG. 1B) of both surfaces (both surfaces in
an upper-lower direction of FIG. 1B) 1n a height direction of
the outer surface of the displacement-side holder 29, 1s
formed with a first displacement-side convex portion 34,
which 1s axially long and more protrudes from the first
displacement-side outer surface 33 than the other parts. On
the other hand, an mtermediate part in the width direction of
a second displacement-side outer surface 35, which 1s the
other surface (a lower surface in FIG. 1B) of both surfaces
in the height direction of the outer surface of the displace-
ment-side holder 29, 1s formed with a displacement-side
escape concave portion 36, which 1s axially long. Likewise,
both end portions in the width direction are formed with a
pair of second displacement-side convex portions 37, 37,
which are axially long and more protrude than the displace-
ment-side escape concave portion 36.

The displacement-side holder 29 configured as described
above 1s mounted by externally fitting an nner peripheral
surface thereol to an outer peripheral surface of the outer
ring 22a configuring the rolling bearing 9a by interference
fit.

Like the displacement-side holder 29, the fixed-side
holder 30 1s made of a synthetic resin having suflicient
strength, stiflness, heat resistance and o1l resistance such as
a high function resin, and has a cylinder shape of which both
axial ends are opened. Also, a sectional shape of an outer
peripheral surface of the fixed-side holder 30 with respect to
the virtual plane orthogonal to the central axis of the worm
shaft 6a 1s circular. Likewise, a sectional shape of an inner
peripheral surface with respect to the virtual plane 1s sub-
stantially rectangular. In the meantime, the fixed-side holder
30 may be made of a matenial different from the displace-
ment-side holder 29.

Also, mtermediate parts 1 the height direction of both
surtaces 1n the width direction of the fixed-side holder 30 of
an inner surface of the fixed-side holder 30 are formed as flat
surfaces more protruding inward 1n the width direction than
other parts, and the corresponding parts are configured as a
pair of oscillation guide surfaces 38, 38.

Also, an mtermediate part 1n a width direction of a first
fixed-side inner surface 39, which 1s one surface of both
surfaces 1n the height direction of the mner surface of the
fixed-side holder 30, 1s formed with a fixed-side escape
concave portion 40, which 1s axially long. Likewise, both
end portions 1n the width direction are formed with a pair of
first fixed-side convex portions 41, 41, which are axially
long and more protrude than the fixed-side escape concave
portion 40.

In contrast, a central portion 1 a width direction of a
second fixed-side inner surface 42, which i1s the other surface
of both surfaces in the height direction of the inner surface
of the fixed-side holder 30 1s formed with a second fixed-
side convex portion 43, which 1s axially long and more
protrudes from the second fixed-side mnner surface 42 than
other parts.
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The fixed-side holder 30 having the above configuration
1s mounted with an outer peripheral surface thereol being
internally fitted and fixed to an mner peripheral surface of a
large-diameter cylinder part 44 formed at an inner part (a left
end portion m FIG. 1) of the worm shait accommodation
part 20 configuring the housing 3.

At a mounted state as described above, one axial end
surface of the fixed-side holder 30 1s in contact with a
stepped portion 435 configured to continue the large-diameter
cylinder part 44 configuring the worm shaft accommodation
part 20 and a part located at one axial side beyond the
large-diameter cylinder part 44.

Also, both oscillation guide surfaces 38, 38 of the fixed-
side holder 30 are in contact with both oscillated gumde
surfaces 32, 32 of the displacement-side holder 29. Also, the
first fixed-side inner surface 39 of the fixed-side holder 30
faces the first displacement-side outer surface 33 of the
displacement-side holder 29, and a mounting space 46a for

mounting therein one bimetal 31a of a pair of bimetals 31a,
316 (which will be described later) 1s formed between both
the surfaces 39, 33. In the meantime, the second fixed-side
inner surtface 42 of the fixed-side holder 30 faces the second
displacement-side outer surface 35 of the displacement-side
holder 29, and a mounting space 465 for mounting therein
the other bimetal 315 of the pair of bimetals 31a, 315 (which
will be described later) 1s formed between both the surfaces
42, 35.

Both bimetals 31a, 315 are members corresponding to the
composite metal member of the claims, and are formed by
laminating two rectangular plate-shaped metal plates having
different thermal expansion coeflicients (a metal plate hav-
ing a low thermal expansion coeflicient and a metal plate
having a high thermal expansion coethicient). When a ref-
erence temperature (20° C., 1 this example) 1s set, both
bimetals 31a, 315 are not deformed at the reference tem-
perature and have a rectangular flat plate shape. In the first
example, both bimetals 31a, 315 are disposed so that lon-
gitudinal directions of both bimetals 31a, 315 coincide with
a width direction (a left-right direction 1n FIG. 1B) of the
displacement-side holder 29. When temperatures (surround-
ing temperature) of both bimetals 31a, 315 disposed at the
corresponding state become higher than the reference tem-
perature, both bimetals 31a, 315 are bent so that centers in
the width direction of one side surfaces 47a, 475 1n a
thickness direction of both bimetals 314, 315 become con-
vex surfaces and centers 1n the width direction of the other
side surfaces 48a, 485 i1n the thickness direction become
concave surfaces. On the other hand, when the temperatures
(surrounding temperature) of both bimetals 31a, 315
become lower than the reference temperature, both bimetals
31a, 315 are bent so that the centers 1n the width direction
of one side surfaces 47a, 475 1n the thickness direction of
both bimetals 31a, 315 become concave surfaces and the
centers 1n the width direction of the other side surfaces 48a.
48b 1n the thickness direction become convex surfaces. That
1s, when the temperatures of both bimetals 31a, 315 are
higher or lower than the reference temperature, both bimet-
als 31a, 315 are bent (deformed) 1n the opposite directions.
In the meantime, as the structure and the material of both
bimetals 31a, 315, a variety of well-known structures and
materials can be adopted within a range satistying the
above-described conditions. As the specific materials, N1—
Fe alloy may be used as a material of the metal plate having

the low thermal expansion coeflicient. In the meantime, Ni,
/n—Cu alloy, Ni-—Cr—Fe alloy, Nt—Mn—Fe alloy, N1—

Mo—Fe alloy, Cu—N1—Mn alloy or the like may be used
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as a material of the metal plate having the high thermal
expansion coeflicient, depending on using temperature
ranges or the like.

One (an upper side 1n FIGS. 1 to 3 and a side distant from
the worm wheel 5) bimetal 31a of both bimetals 31a, 315

having the above configuration 1s disposed 1n the mounting,
space 46a with one side surface 47a in the thickness
direction facing the first fixed-side inner surface 39 of the
fixed-side holder 30 and the other side surface 48a 1n the

thickness direction facing the first displacement-side outer
surface 33 of the displacement-side holder 29. At this state,
both end portions 1n the width direction of one side surface
47a 1n the thickness direction of the bimetal 31a are 1n
contact with tip surfaces of both the first fixed-side convex
portions 41, 41 of the fixed-side holder 30. In contrast, a
central portion in the width direction of the other side
surface 48a 1n the thickness direction of the bimetal 314 1s

in contact with a tip surface of the first displacement-side

convex portion 34 of the displacement-side holder 29.

Also, the other (a lower side 1n FIGS. 1 to 3 and a side
close to the worm wheel 5) bimetal 315 of both bimetals
31a, 315 15 disposed 1n the mounting space 465 with one side
surface 47b 1n the thickness direction facing the second
fixed-side nner surface 42 of the fixed-side holder 30 and
the other side surface 485 1n the thickness direction facing
the second displacement-side outer surface 35 of the dis-
placement-side holder 29. At this state, a central portion in
the width direction of one side surface 475 1n the thickness
direction of the bimetal 315 1s 1n contact with a tip surface
of the second fixed-side convex portion 43 of the fixed-side
holder 30. In contrast, both end portions in the width
direction of the other side surface 486 1n the thickness
direction of the bimetal 315 are in contact with tip surfaces
of both the second displacement-side convex portions 37, 37
of the displacement-side holder 29.

In the below, states of the electric power steering device
having the above configuration of the first example upon
operations are described with reference to FIGS. 1 to 3.

First, FIG. 1 depicts a state where both bimetals 31a, 315
are at the reference temperature (20° C., i1n the (first
example). At this state, the backlash of the meshing part
between the worm teeth 7a of the worm shaft 6a and the
worm wheel 3 1s adjusted to a reference backlash amount. In
the meantime, as the state shown 1n FIG. 1, the worm shaft
6a may be pressed toward the worm wheel 5 by a structure
such as the elasticity applying means 18 or the like 1n the
conventional structure. When this configuration 1s adopted,
it 1s possible to set the reference backlash amount to an
appropriate amount at which friction (loss of torque to be
applied from the electric motor 8) at the meshing part does
not increase, a steering property 1s not heavy upon start of
the rotation of the steering wheel 1 and 1t 1s possible to
prevent an uncomiortable noise referred to as a gear-tooth
striking sound from being generated when changing a rotat-
ing direction of the steering wheel 1 (steering shaft 2).

Also, at the state shown 1n FIG. 1, a central axis O, of the
worm shait 6a 1s concentric with a central axis of the electric
motor 8 (it does not oscillate). Further, at the state shown in
FIG. 1, both bimetals 31a, 315 keep the rectangular flat plate
shape without being deformed.

From the state shown 1n FIG. 1, when the temperatures of
both bimetals 31a, 315 increase as the surrounding tempera-
ture increases, both bimetals 31a, 3156 are deformed (bent)
so that the centers 1n the width direction of one side surfaces
47a, 475 1n the thickness direction, which are side surfaces
tacing the fixed-side holder 30, become convex surfaces and
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the centers 1n the width direction of the other side surtaces
48a, 486 1n the thickness direction become concave sur-
faces.

Specifically, one bimetal 31a of both bimetals 31a, 315 1s
deformed so that the center in the width direction of one side
surface 47a 1n the thickness direction becomes a convex

surface toward the first fixed-side inner surface 39 of the
fixed-side holder 30.

The deformation of one bimetal 31a 1s to enable the
displacement-side holder 29 to be displaced upward 1n FIG.
2 on the basis of detormation of the other bimetal 3154

(which will be described later). Therefore, a high force of

interrupting the upward movement of the displacement-side
holder 29 1s regulated not to be applied from one bimetal 31a
to the displacement-side holder 29 as one bimetal 31a 1s

deformed.

Also, the other bimetal 3156 of both bimetals 31a, 315 1s
deformed (bent) so that the central portion in the width
direction of one side surface 4756 1n the thickness direction
becomes a convex surface toward the second fixed-side
inner surface 42 of the fixed-side holder 30. At this state, the
central portion 1n the width direction of one side surtface 475
in the thickness direction of the bimetal 315 presses down-
ward the second fixed-side convex portion 43 of the second
fixed-side inner surface 42 in FIG. 2. Then, since the
fixed-side holder 30 1s supported to the housing 3, both end
portions 1n the width direction of the other side surface 4856
in the thickness direction of the bimetal 315 presses upward
tip surfaces of both the second displacement-side convex
portions 37, 37 of the displacement-side holder 29 by a
reactive force based on the pressing, in FIG. 2. With the
pressing, the displacement-side holder 29 1s displaced
upward 1n FIG. 2 by the deformation amount 1n the upper-
lower direction of the bimetal 3156 1n FIG. 2 with both
oscillated guide surfaces 32, 32 of the displacement-side
holder 29 being guided by both oscillation guide surfaces 38,
38 of the fixed-side holder 30. In the meantime, the pressing
force at this time (the pressing force away from the worm
wheel 5) corresponds to one pressing force of the claims.

Meanwhile, 1n the first example, since both bimetals 31a,
316 are made to have the same structure, the deformation
amounts 1n the upper-lower direction of both bimetals 31a,
316 1n FIG. 2 are the same. For this reason, at the state
shown 1n FIG. 2, the tip surface of the first displacement-side
convex portion 34 of the displacement-side holder 29 1s 1n
contact with the central portion 1n the width direction of the
other side surface 48a i1n the thickness direction of one
bimetal 31a. Also, the central portion 1n the width direction
of one side surface 47a 1n the thickness direction of the
bimetal 31a 1s located in the fixed-side escape concave
portion 40 of the fixed-side holder 30. Therefore, when the
other bimetal 315 applies the upward pressing force (away
from the worm wheel 5) to the displacement-side holder 29,
one bimetal 31a does not apply a downward pressing force,
which cancels the pressing force, to the displacement-side
holder 29.

With the displacement of the displacement-side holder 29
as described above, the worm shatft 6a oscillates about the
rolling bearing 96 away from the worm wheel 5 (refer to a
a direction 1n FIG. 2), so that a distance between the central
axis of the worm shait 6a and the central axis of the worm
wheel 5 increases.

Meanwhile, at the state of FIG. 2, when the reactive force
1s applied from the worm wheel 5 to the meshed worm shaft
6a, the worm shait 6a can be pressed to the worm wheel 5
by an elastic force of one deformed bimetal 31a.
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In contrast, from the state of FIG. 1, when the tempera-
tures of both bimetals 31a, 315 decrease as the surrounding
temperature decreases, both bimetals 31a, 315 are respec-
tively bent so that the centers in the width direction of one
side surfaces 47a, 475 1n the thickness direction become
concave surfaces and the centers 1 the width direction of the
other side surfaces 48a, 485 in the thickness direction
become convex surfaces.

Specifically, the other bimetal 315 of both bimetals 31a,
315 1s bent so that the center 1n the width direction of the
other side surface 485 1n the thickness direction becomes a
convex surface toward the second displacement-side outer
surface 35 of the displacement-side holder 29. In the mean-
time, the deformation of the other bimetal 315 1s to enable
the displacement-side holder 29 to be displaced downward
in FIG. 2 on the basis of deformation of one bimetal 31a
(which will be described later). Therefore, a high force of
interrupting the downward movement of the displacement-
side holder 29 1s regulated not to be applied from the bimetal
315 to the displacement-side holder 29 as the other bimetal
315 1s deformed.

Also, one bimetal 31a of both bimetals 31a, 315 1s
deformed (bent) so that the central portion 1n the width
direction of the other side surface 48a in the thickness
direction becomes a convex surface toward the first dis-
placement-side outer surface 33 of the displacement-side
holder 29. At this state, both end portions 1n the width
direction of one side surface 47a 1n the thickness direction
of the bimetal 31a presses upward both the first fixed-side
convex portions 41, 41 of the fixed-side holder 30 in FIG. 3.
Then, since the fixed-side holder 30 i1s supported to the
housing 3, the central portion 1n the width direction of the
other side surface 48a in the thickness direction of the
bimetal 31a presses downward the tip surface of the first
displacement-side convex portion 34 of the displacement-
side holder 29 by a reactive force based on the pressing, 1n
FIG. 2. With the pressing, the displacement-side holder 29
1s displaced downward 1n FIG. 2 by the deformation amount
in the upper-lower direction of the displacement-side holder
29 1n FIG. 3 with both oscillated guide surfaces 32, 32 being
guided by both oscillation guide surfaces 38, 38 of the
fixed-side holder 30. In the meantime, the pressing force at
this time (the pressing force toward the worm wheel 5)
corresponds to the other pressing force of the claims.

Also, at the state of FIG. 3, the tip surfaces of both the
second displacement-side convex portions 37, 37 of the
displacement-side holder 29 are in contact with both end
portions 1n the width direction of the other side surface 485
in the thickness direction of the other bimetal 315. Also, the
center 1n the width direction of the other side surface 4856 1n
the thickness direction of the bimetal 315 1s located 1n the
displacement-side escape concave portion 36 of the dis-
placement-side holder 29. Therefore, when one bimetal 31a
applies the downward pressing force (toward the worm
wheel 5) to the displacement-side holder 29, the other
bimetal 315 does not apply a upward pressing force, which
cancels the pressing force, to the displacement-side holder
29.

As the displacement-side holder 29 1s displaced as
described above, the worm shaft 6a oscillates about the
rolling bearing 95 toward the worm wheel 5 (refer to a (3
direction mm FIG. 2) by an angle 0, so that the distance
between the central axis of the worm shait 6a and the central
axis of the worm wheel 5 decreases.

According to the electric power steering device having the
above configuration of the first example, it 1s possible to
keep the backlash at the meshing part between the worm
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teeth 76 configuring the worm shaft 65 and the worm wheel
5 to an appropriate magnitude (the reference backlash

amount), 1rrespective of expansion and contraction of the
worm wheel 3.

That 1s, the first example provides the oscillation mecha-
nism 28 (both bimetals 31a, 315) that can cause the worm
shaft 6b to oscillate and be displaced away from the worm
wheel 5 (refer to FIG. 2) when the temperature thereof
becomes higher than the reference temperature and the
worm shait 65 to oscillate and be displaced toward the worm
wheel 5 when the temperature thereof becomes lower than
the reference temperature. For this reason, even when the
worm wheel 5 1s thermally expanded or contracted in
association with the change 1in temperature and the backlash
amount at the meshing part 1s thus changed, the deformation
of the oscillation mechanism 28 (both bimetals 31a, 315)
can cause the worm shait 65 to oscillate and be displaced,
thereby keeping the backlash amount of the meshing part to
the appropriate amount (the reference backlash amount).

Specifically, when the temperature of the worm wheel 3
increases as the surrounding temperature increases, the
worm wheel 5 1s thermally expanded, so that the backlash
amount of the meshing part between the worm teeth 7a and
the worm wheel 5 decreases from the reference backlash
amount. As a result, the friction (loss of torque to be applied
from the electric motor 8) at the meshing part increases, so
that a steering feeling may be heavy upon start of rotation of
the steering wheel 5. Therefore, according to the electric
power steering device of the first example, as the surround-
ing temperature increases, both bimetals 31a, 315 config-
uring the oscillation mechanism 28 cause the worm shait 6a
to oscillate and be displaced away from the worm wheel 3
(a direction 1 which the backlash amount of the meshing
part can be increased), thereby making the backlash amount
of the meshing part close to the reference backlash amount
(matching), as shown 1n FIG. 2.

On the other hand, when the temperature of the worm
wheel 5 decreases as the surrounding temperature decreases,
the worm wheel 5 1s thermally contracted, so that the
backlash amount of the meshing part between the worm
teeth 7a and the worm wheel 5 increases from the reference
backlash amount. As a result, when changing the rotating
direction of the steering wheel 1 (steering shait 2), an
uncomiortable noise referred to as a gear-tooth striking
sound 1s likely to occur. Therefore, according to the electric
power steering device of the first example, as the surround-
ing temperature decreases, both bimetals 31a, 315 config-
uring the oscillation mechanism 28 cause the worm shait 6a
to oscillate and be displaced toward the worm wheel 5 (a
direction 1n which the backlash of the meshing part 1s to be
reduced), thereby making the backlash amount of the mesh-
ing part close to the reference backlash amount (matching),

as shown in FIG. 3.

Second Example of Embodiment

A second example of the embodiment of the present
invention 1s described with reference to FI1G. 4. According to
the electric power steering device of the second example, the
oscillation mechanism 28 having the same configuration as
the first example of the embodiment 1s mounted between the
tip-side shatt part 27 (refer to FIG. 1) of the worm shatt 6a
and the large-diameter cylinder part 44 formed at the inner
part of the housing 3 via the rolling bearing 9a with being
rotated 1n one circumierential direction (a counterclockwise
direction 1 FIGS. 1B, 2B, 3B and 4) by 45°, as compared

to the first example of the embodiment. Therefore, the
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direction 1n which the displacement-side holder 29 1s dis-
placed and the direction 1n which the worm shatt 6a oscil-

lates as the surrounding temperature increases or decreases
are also rotated by 45°, as compared to the first example of
the embodiment.

As described above, the angle by which the oscillation
mechanism 28 1s to be rotated 1s arbitrarily set, so that 1t 1s
possible to arbitrarily set the displacement direction of the
displacement-side holder 29 and the oscillation direction of
the worm shaft 6a. The other configurations and operational
cllects are the same as the first example of the embodiment.

Third Example of Embodiment

A third example of the embodiment of the present inven-
tion 1s described with reference to FIG. 5. A displacement-
side holder 29a and a fixed-side holder 30a configuring an
oscillation mechanism 28a of the electric power steering
device of the third example have a structure where the
displacement-side holder 29 and the fixed-side holder 30
configuring the oscillation mechanism 28 of the electric
power steering device of the first example of the embodi-
ment are rotated by 180° with respect to the central axis of
the worm shait 65. Also, both bimetals 31¢, 31d are disposed
in such a way that the bimetals 31qa, 315 of the first example
of the embodiment are reversed (the surface and backside
are reversed) with respect to the upper-lower direction of
FIGS. 1 to 3. Therefore, when the surrounding temperature
changes, both bimetals 31c¢, 31d of the third example are
deformed 1nversely with the first example of the embodi-
ment. Hereinafter, the parts corresponding to the displace-
ment-side holder 29 and the fixed-side holder 30 configuring
the oscillation mechanism 28 of the first example of the
embodiment are denoted with the same reference numerals
and the states of the third example upon the operation are
described.

In the third example, from the state of FIG. 5, when the
temperatures of both bimetals 31¢, 314 increase as the
surrounding temperature increases, both bimetals 31c¢, 31d
are bent so that centers in the width direction of one side
surfaces 47¢, 47d 1n the thickness direction, which are side
surfaces facing the fixed-side holder 30a, become concave
surfaces and centers 1n the width direction of the other side
surfaces 48¢, 484 1n the thickness direction, which are side
surfaces facing the displacement-side holder 29a, become
convex surfaces.

Specifically, one (an upper side 1n FIG. 5 and a side

distant from the worm wheel 5) bimetal 31¢ of both bimetals
31c, 31d 1s detormed so that the center 1n the width direction
of the other side surface 48c¢ in the thickness direction
becomes a convex surface toward the second displacement-
side outer surface 335 of the displacement-side holder 29. In
the meantime, the deformation of one bimetal 31c¢ 1s to
cnable the displacement-side holder 29 to be displaced
upward 1n FIG. 5 on the basis of deformation of the other
bimetal 314 (which will be described later). Therefore, a
high force of interrupting the upward movement of the
displacement-side holder 29 is regulated not to be applied
from the bimetal 31¢ to the displacement-side holder 29 as
one bimetal 31¢ 1s deformed.

Also, the other (a lower side 1 FIG. 5 and a side close to
the worm wheel 5) bimetal 314 of both bimetals 31¢, 31d 1s
deformed (bent) so that a central portion in the width
direction of the other side surface 48d i1n the thickness
direction becomes a convex surface toward the first dis-
placement-side outer surface 33 of the displacement-side
holder 29. At thus state, both end portions in the width
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direction of one side surface 47d in the thickness direction
of the bimetal 31d press downward both the first fixed-side

convex portions 41, 41 of the fixed-side holder 30 in FIG. 5.

Then, since the fixed-side holder 30 1s supported to the
housing 3, the central portion 1n the width direction of the
other side surface 484 i1n the thickness direction of the
bimetal 314 presses upward the tip surface of the first
displacement-side convex portion 34 of the displacement-
side holder 29 by a reactive force based on the pressing, 1n
FIG. 5. With the pressing, the displacement-side holder 29
1s displaced upward 1n FIG. 5 by the deformation amount 1n
the upper-lower direction of the bimetal 314 in FIG. S with
both oscillated guide surfaces 32, 32 of the displacement-
side holder 29 being gwmded by both oscillation gwde
surfaces 38, 38 of the fixed-side holder 30.

In contrast, from the state of FIG. 5, when the tempera-
tures of both bimetals 31¢, 314 decrease as the surrounding
temperature decreases, both bimetals 31c¢, 31c¢ are respec-
tively deformed (bent) so that the centers in the width
direction of one side surfaces 47a, 476 1n the thickness
direction, which are side surfaces facing the fixed-side

holder 30, become convex surfaces and the centers in the
width direction of the other side surfaces 48a, 4856 1n the
thickness direction become concave surfaces.

Specifically, the other bimetal 314 of both bimetals 31c,
31d 1s bent so that the center in the width direction of one
side surface 47a 1n the thickness direction becomes a convex

surface toward the first fixed-side inner surface 39 of the

fixed-side holder 30.

In the meantime, the deformation of the other bimetal 314
1s to enable the displacement-side holder 29 to be displaced
downward in FIG. 5 on the basis of deformation of one
bimetal 31¢ (which will be described later). Therefore, a
high force of interrupting the downward movement of the
displacement-side holder 29 is regulated not to be applied
from the bimetal 314 to the displacement-side holder 29 as
the other bimetal 31d 1s deformed.

Also, one bimetal 31¢ of both bimetals 31¢, 31c¢ 1s
deformed (bent) so that the central portion in the width
direction of one side surface 475 1n the thickness direction
becomes a convex surface toward the second fixed-side
inner surface 42 of the fixed-side holder 30. At this state, the
central portion 1n the width direction of one side surface 475
in the thickness direction of the bimetal 31¢ presses upward
the second fixed-side convex portion 43 of the second
fixed-side inner surface 42 in FIG. 5. Then, since the
fixed-side holder 30 1s supported to the housing 3, both end
portions 1n the width direction of the other side surface 486
in the thickness direction of the bimetal 31¢ press downward
the tip surfaces of both the second displacement-side convex
portions 37, 37 of the displacement-side holder 29 by a
reactive force based on the pressing, in FIG. 5. With the
pressing, the displacement-side holder 29 1s displaced down-
ward 1n FIG. 5 by the deformation amount in the upper-
lower direction of the bimetal 31¢ 1n FIG. 5 with both
oscillated guide surfaces 32, 32 of the displacement-side
holder 29 being guided by both oscillation guide surfaces 38,
38 of the fixed-side holder 30. The other configurations and
operational eflects are the same as the first example of the
embodiment.

Fourth Example of Embodiment

A Tfourth example of the embodiment of the present
invention 1s described with reference to FIGS. 6 and 7. Also
in the electric power steering device of the fourth example,
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an oscillation mechanism 285 1s configured by a displace-
ment-side holder 295, a fixed-side holder 306 and a pair of

bimetals 31e, 311

The displacement-side holder 295 has a first displace-
ment-side convex portion 34a, which 1s long in the width
direction (a surface and backside direction of FIG. 6A, a
left-right direction in FIG. 6B) and 1s formed at an axially
central portion of a first displacement-side outer surface 33a,
which 1s one surface (an upper surface in FIGS. 6 A and 6B)
of both surtaces (both surfaces 1n the upper-lower direction
of FIGS. 6 A and 6B) 1n a height direction of an outer surface
of the displacement-side holder. In the meantime, an axially
intermediate part of a second displacement-side outer sur-
tace 35a, which 1s the other surface (a lower surface in
FIGS. 6A and 6B) of both surfaces in the height direction of
the outer surface of the displacement-side holder 295, 1s
formed with a displacement-side escape concave portion
364 that 1s long in the width direction. Likewise, both axial
end portions are formed with a pair of second displacement-
side convex portions 37a, 37a long 1n the width direction
with more protruding than the displacement-side escape
concave portion 36a. The displacement-side holder 295
having the above configuration 1s mounted with an inner
peripheral surface thereot being externally fitted and fixed to
the outer peripheral surface of the outer ring 22a configuring,
the rolling bearing 9a by interference fit, like the respective
examples of the embodiment. The other structures of the
displacement-side holder 295 are the same as the displace-
ment-side holder 29 of the first example of the embodiment.

The fixed-side holder 305 has a fixed-side escape concave
portion 40a, which 1s long i1n the width direction and 1s
formed at an axially intermediate part of the first fixed-side
inner surface 39a, which 1s one surface of both surfaces in
a height direction of an mner surface of the fixed-side holder.
Also, both axial end portions of the first fixed-side inner
surtace 39a are formed with a pair of first fixed-side convex
portions 41a, 41a long 1 the width direction with more
protruding than the fixed-side escape concave portion 40a.
In the meantime, an axially central portion of a second
fixed-side inner surface 42q, which 1s the other surface of
both surfaces 1n the height direction of the inner surface of
the fixed-side holder 305, 1s formed with a second fixed-side
convex portion 43a long in the width direction with more
protruding than the second fixed-side inner surface 42a. The
fixed-side holder 305 having the above configuration 1is
mounted with an outer peripheral surface thereol being
internally fitted and fixed to an inner peripheral surface of
the large-diameter cylinder part 44 formed at the inner part
(a left end portion in FIG. 6) of the worm shait accommo-
dation part 20 configuring the housing 3, like the respective
examples of the embodiment.

Like the respective examples of the embodiment, when
the reference temperature (20° C., 1n the fourth example) 1s
set, both bimetals 31¢, 31/ have a rectangular flat plate shape
that 1s not to be deformed at the reference temperature. Both
bimetals 31e, 311 are bent so that centers 1n an axial direction
(longitudinal directions of both bimetals 31e, 31f) of one
side surfaces 47¢, 47f in the thickness direction of both
bimetals 31e, 31f become convex surfaces and centers in the
axial direction of the other side surfaces 48e, 48/ 1n the
thickness direction become concave surfaces when the tem-
peratures (surrounding temperature) of both bimetals 31e,
31/ becomes higher than the reference temperature. On the
other hand, both bimetals are bent so that the centers in the
axial direction (longitudinal directions of both bimetals 31e,
31/) of one side surfaces 47¢, 47/ 1n the thickness direction

of both bimetals 31e, 31/ become concave surfaces and the
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centers 1n the axial direction of the other side surfaces 48e,
48/ 1n the thickness direction become convex surfaces when
the temperatures (surrounding temperature) of both bimetals
31e, 31/ becomes lower than the reference temperature. That
1s, both bimetals 31¢e, 31/ are bent (deformed) in the opposite
directions when the temperatures of both bimetals 31e, 31f
are higher and lower than the reference temperature.

Both bimetals 31e, 31/ having the above configuration are
disposed so that the longitudinal directions of both bimetals
31e, 31/ coincide with the axial direction of the displace-
ment-side holder 295. Also, one (an upper side 1n FIGS. 6
and 7 and a side distant from the worm wheel 5) bimetal 31e
of both bimetals 31e, 31/ 1s disposed 1n the mounting space
46a with one side surface 47¢ 1n the thickness direction
facing the first fixed-side iner surface 39q of the fixed-side
holder 305 and the other side surface 48/ in the thickness
direction facing the first displacement-side outer surface 33a
of the displacement-side holder 2956. At this state, both axial
end portions of one side surface 47¢ in the thickness
direction of the bimetal 31e are 1n contact with tip surfaces
of both the first fixed-side convex portions 41a, 41a of the
fixed-side holder 30b. In contrast, an axially central portion
of the other side surface 48¢ 1n the thickness direction of the
bimetal 31e 1s 1 contact with a tip surface of the first

displacement-side convex portion 34a of the displacement-
side holder 295.

Also, the other (a lower side i FIGS. 6 and 7 and a side
close to the worm wheel 5) bimetal 31/ of both bimetals 31e,
31/ 1s disposed 1n the mounting space 465 with one side
surface 47/ 1n the thickness direction facing the second
fixed-side 1nner surface 42q of the fixed-side holder 305 and
the other side surface 48/ 1n the thickness direction facing
the second displacement-side outer surface 35a of the dis-
placement-side holder 295. At this state, an axially central
portion of one side surface 47f in the thickness direction of
the bimetal 31f1s 1n contact with a tip surface of the second
fixed-side convex portion 43a of the fixed-side holder 305.
In contrast, both end portions in the axial direction of the
other side surface 486 in the thickness direction of the
bimetal 3156 are 1n contact with tip surfaces of both the
second displacement-side convex portions 37a, 37a of the
displacement-side holder 295b.

The states of the electric power steering device having the
above configuration of the fourth example upon the opera-
tion are described. From the state (state of the reference
temperature) shown in FIG. 6, when the temperatures of
both bimetals 31e, 31/ 1ncrease as the surrounding tempera-
ture increases, both bimetals 31e, 311 are deformed (bent) so
that the centers in the axial direction of one side surfaces
47e, 471 1n the thickness direction, which are side surfaces
facing the fixed-side holder 305, become convex surfaces
and the centers 1n the axial direction of the other side surface
48¢, 48/ 1n the thickness direction become concave surfaces,
as shown i FIG. 7.

At this state, a center i1n the axial direction of one side
surface 47/ 1n the thickness direction of the bimetal 31/
presses downward the second fixed-side convex portion 43a
of the second fixed-side inner surface 42a in FIG. 7. Then,
since the fixed-side holder 306 1s supported to the housing
3, both end portions 1n the axial direction of the other side
surface 48/ 1n the thickness direction of the bimetal 31/ press
upward the tip surfaces of both the second displacement-side
convex portions 37a, 37a of the displacement-side holder
29b by a reactive force based on the pressing, in FIG. 7. With
the pressing, the displacement-side holder 295 1s displaced
upward 1n FIG. 7 by the deformation amount 1n the upper-
lower direction of the bimetal 315 1 FIG. 7 with both
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oscillated guide surfaces 32, 32 of the displacement-side
holder 296 being guided by both oscillation guide surfaces

38, 38 of the fixed-side holder 305.

Meanwhile, 1n the fourth example, since both bimetals
31e, 31/ are made to have the same structure, the deforma-
tion amounts in the upper-lower direction of both bimetals
31e, 31/1n FIG. 7 are the same. For this reason, at the state
shown 1n FIG. 7, the tip surface of the first displacement-side
convex portion 34q of the displacement-side holder 2956 1s 1n
contact with the axially central portion of the other side
surface 48¢ 1n the thickness direction of one bimetal 31e.
Also, the axially central portion of one side surface 47¢ in
the thickness direction of the bimetal 31e 1s located 1n the
fixed-side escape concave portion 40a of the fixed-side
holder 30.

Also, from the state of FIG. 6, the operating states, which
are to be performed when the temperatures of both bimetals
31e, 31/ decrease as the surrounding temperature decreases,
are opposite to the operating states, which are to be per-
formed when the surrounding temperature increases. Since
the specific operations have been described in the first
example of the embodiment, the detailed descriptions
thereof are omitted. The other configurations and opera-
tional eflects are the same as the first example of the
embodiment.

Fiith Example of Embodiment

A fifth example of the embodiment of the present inven-
tion 1s described with reference to FIGS. 8 to 10. Also 1n the
clectric power steering device of the fifth example, an

oscillation mechanism 28¢ 1s configured by a displacement-
side holder 29¢, a fixed-side holder 30c¢ and a pair of

bimetals 31g, 314
The displacement-side holder 29¢ has a first displace-
ment-side convex portion 34b, which 1s long in the axial
direction and 1s formed with more protruding from the {first
displacement-side outer surtace 335 than the other parts at a
central portion in the width direction of a first displacement-
side outer surface 335, which 1s one surface (an upper
surface 1 FIGS. 8 to 10) of both surfaces (both surfaces in
the upper-lower direction 1 FIGS. 8 to 10) in a height
an outer surface of the displacement-side holder.

direction of
In the meantime, the first displacement-side convex portion
34b has substantially the same shape as the displacement-
side convex portion 34 of the first example of the embodi-
ment.

Also, a central portion in the width direction of a second
displacement-side outer surface 35b, which 1s the other
surface (a lower surface 1 FIGS. 8 to 10) of both surfaces
in the height direction of the outer surface of the displace-
ment-side holder 29¢, 1s formed with a second displacement-
side convex portion 375 that 1s long 1n the axial direction and
more protrudes from the second displacement-side outer
surface 355 than the other parts. The other structures of the
displacement-side holder 29¢ are the same as the displace-
ment-side holder 29 of the first example of the embodiment.

The displacement-side holder 29¢ having the above con-
figuration 1s mounted with an inner peripheral surface
thereol being externally fitted and fixed to the outer periph-
eral surface of the outer ring 22a configuring the rolling
bearing 9a by interference {it.

The fixed-side holder 30c¢ has a fixed-side escape concave
portion 405, which i1s long 1n the axial direction and 1s
formed at an intermediate part in the width direction of a first
fixed-side inner surface 3954, which 1s one surface of both
surfaces 1n a height direction of an inner surface of the
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fixed-side holder. Also, both end portions 1n the width
direction of the first fixed-side inner surface 3956 are formed
with a pair of first fixed-side convex portions 415, 415,
which are long 1n the axial direction and more protrude than
the fixed-side escape concave portion 405. In the meantime,
the fixed-side escape concave portion 405 and both the first
fixed-side convex portions 415, 415 have substantially the
same shapes as the fixed-side escape concave portion 40 and
both the first fixed-side convex portions 41, 41 of the first
example of the embodiment.

Also, the fixed-side holder 30c¢ has a second fixed-side
escape concave portion 49, which 1s long in the axial
direction and 1s formed at an intermediate part in the width
direction of a second fixed-side inner surface 425, which 1s
the other surface of both surfaces 1n the height direction of
the inner surface of the fixed-side holder. Also, both end
portions in the width direction of the second fixed-side inner
surface 426 are formed with a pair of second fixed-side
convex portions 43bH, 43b, which are long i1n the axial
direction and more protrude than the second fixed-side
escape concave portion 49. The other structures of the
fixed-side holder 30¢ are the same as the displacement-side
holder 29 of the first example of the embodiment.

The fixed-side holder 30c¢ having the above configuration
1s mounted with an outer peripheral surface thereol being
internally fitted and fixed to the inner peripheral surface of
the large-diameter cylinder part 44 formed at the inner part
of the worm shaft accommodation part 20 (refer to FIG. 1)
configuring the housing 3.

Both bimetals 31¢, 31/ have the same structure as the first
example of the embodiment. That 1s, both bimetals 31¢, 31/
are formed by laminating two rectangular plate-shaped
metal plates having diflerent thermal expansion coeflicients
(a metal plate having a low thermal expansion coe"1c1ent
and a metal plate having a high thermal expanswn coelli-
cient). When a reference temperature (20° C., 1n the fifth
example) 1s set, both bimetals 31g, 31/ are not deformed at
the reference temperature and have a rectangular flat plate
shape. In the fifth example, both bimetals 31g, 31/~ are
disposed so that longitudinal directions of both bimetals
31¢, 31/ coincide with the width direction of the displace-
ment-side holder 29¢. Both bimetals 31g, 31/ disposed in
such a manner are bent so that centers in the width direction
ol one side surfaces 47g, 47/ 1n the thickness direction of
both bimetals 31¢g, 31/ become convex surfaces and centers
in the width direction of the other side surfaces 48¢g, 48/ 1n
the thickness direction become concave surfaces when the
temperatures (surrounding temperature) of both bimetals
31g, 31/ become higher than the reference temperature. On
the other hand, both bimetals are bent so that the centers in
the width direction of one side surfaces 47¢g, 47/ in the
thickness direction of both bimetals 31g, 31/ become con-
cave surfaces and the centers in the width direction of the
other side surfaces 48g, 482 1in the thickness direction
become convex surfaces when the temperatures (surround-
ing temperature) of both bimetals 31g, 3172 become lower
than the reference temperature.

In the fifth example, both bimetals 31g, 31/ are disposed
differently from the first example of the embodiment. Spe-
cifically, one (an upper side i FIGS. 8 to 10 and a side
distant from the worm wheel 5) bimetal 31¢ of both bimetals
31g,31/ 15 dlsposed in the mounting space 46a with one side
surface 47g 1n the thickness direction facing the first fixed-
side inner surface 395 of the fixed-side holder 30c¢ and the
other side surface 48¢ 1n the thickness direction facing the
first displacement-side outer surface 335 of the displace-
ment-side holder 29¢. At this state, both end portions 1n the
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width direction of one side surface 47g in the thickness
direction of the bimetal 31g are in contact with tip surfaces
of both the first fixed-side convex portions 415, 415 of the
fixed-side holder 30c¢. In contrast, a central portion in the
width direction of the other side surface 48¢ 1n the thickness
direction of the bimetal 31g 1s 1n contact with a tip surface
of the first displacement-side convex portion 345 of the
displacement-side holder 29c.

Also, the other (a lower side 1n FIGS. 8 to 10 and a side
close to the worm wheel 5) bimetal 31/ of both bimetals
31g, 31/ 1s disposed 1n the mounting space 465 with one side
surface 47/ 1n the thickness direction facing the second
displacement-side outer surface 356 of the displacement-
side holder 29c¢ and the other side surface 487 in the
thickness direction facing the second fixed-side inner sur-
face 425 of the fixed-side holder 30c¢. At this state, a central
portion 1n the width direction of one side surtface 47/ 1n the
thickness direction of the bimetal 31/ 1s 1n contact with a tip
surface of the second displacement-side convex portion 375
of the displacement-side holder 29¢. In contrast, both end
portions 1n the width direction of the other side surface 48/
in the thickness direction of the bimetal 31/~ are 1n contact
with tip surfaces ol both the second fixed-side convex
portions 435, 435 of the fixed-side holder 30c.

The states of the electric power steering device having the
above configuration of the fifth example upon the operation
are described. From the state (state of the reference tem-
perature) shown 1n FIG. 8, when the temperatures of both
bimetals 31¢g, 31/ increase as the surrounding temperature
increases, both bimetals 31g, 31/ are deformed (bent) so that
the centers in the width direction of one side surfaces 47g,
477 1n the thickness direction become convex surfaces and
the centers in the width direction of the other side surface
482, 48/ 1n the thickness direction become concave sur-
taces, as shown 1n FIG. 9. In the fifth example, both bimetals
31g, 31/ are disposed to be bent 1n the same direction.

At this state, both end portions 1n the width direction of
the other side surface 48/ 1n the thickness direction of the
other bimetal 31/ presses downward both the second fixed-
side convex portions 435, 435 of the second fixed-side 1nner
surface 4256 1n FI1G. 9. Then, since the fixed-side holder 30c¢
1s supported to the housing 3, the central portion 1n the width
direction of one side surface 472 1n the thickness direction
of the other bimetal 31/ presses upward the tip surface of the
second displacement-side convex portion 375 of the dis-
placement-side holder 29¢ i FIG. 9 by a reactive force
based on the pressing. With the pressing, the displacement-
side holder 29¢ 1s displaced upward mm FIG. 9 by the
deformation amount in the upper-lower direction of FIG. 9
of the other bimetal 31/ with both oscillated guide surfaces
32, 32 of the displacement-side holder 29¢ being guided by
both oscillation guide surfaces 38, 38 of the fixed-side
holder 30c.

In the meantime, at the state of FIG. 9, the central portion
in the width direction of one side surface 47¢ in the
thickness direction of one bimetal 31g 1s located in the
fixed-side escape concave portion 400 of the fixed-side
holder 30c.

In the meantime, from the state (state of the reference
temperature) shown i FIG. 8, when the temperatures of
both bimetals 31g, 31/ decrease as the surrounding tem-
perature decreases, both bimetals 31g, 31/ are respectively
bent so that the centers in the width direction of one side
surtaces 47g, 47/ 1n the thickness direction become concave
surfaces and the centers in the width direction of the other
side surfaces 48g, 487 in the thickness direction become
convex surfaces.
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At this state, both end portions 1n the width direction of
one side surface 47g 1n the thickness direction of one bimetal
31g press upward both the first fixed-side convex portions
415, 415 of the fixed-side holder 30¢ 1n FIG. 10. Then, since
the fixed-side holder 30c¢ 1s supported to the housing 3, the
central portion i1n the width direction of the other side
surface 48g 1n the thickness direction of one bimetal 31g
presses downward the tip surface of the first displacement-
side convex portion 345 of the displacement-side holder 29c¢
in FI1G. 10 by a reactive force based on the pressing. With the
pressing, the displacement-side holder 29¢ 1s displaced
downward 1n FIG. 10 by the deformation amount in the
upper-lower direction of FIG. 10 of one bimetal 31g with
both oscillated guide surfaces 32, 32 of the displacement-
side holder 29¢ being guided by both oscillation guide
surfaces 38, 38 of the fixed-side holder 30c.

Meanwhile, at the state of FIG. 10, the central portion 1n
the width direction of the other side surface 48/ i1n the
thickness direction of the other bimetal 31/ 1s located 1n the
second fixed-side escape concave portion 49 of the fixed-
side holder 30c.

The other configurations and operational effects are the
same as the first example of the embodiment.

Sixth Example of Embodiment

A sixth example of the embodiment of the present inven-
tion 1s described with reference to FIGS. 11 to 13. In the
sixth example, the tip-side shaft part 27 provided at the tip
portion (a left end portion 1n FIG. 11) of the worm shaft 6a
1s supported to the mnner part (a left end portion 1n FIG. 11)
of the worm shaft accommodation part 20 via the rolling
bearing 9a and an oscillation pressing mechanism 50 pro-
vided at an outer diameter-side of the rolling bearing 9a so
that i1t can rotate relative to the housing 3. Specifically, the
outer peripheral surface of the tip-side shait part 27 1is
internally fitted and fixed to the inner peripheral surface of
the mner ring 21a configuring the rolling bearing 9a by
interference fit, and the outer ring 22a configuring the rolling
bearing 9qa 1s internally fitted and fixed to the mner periph-
eral surface of the displacement-side holder 29 configuring
the oscillation pressing mechanism 50, which will be
described later.

The oscillation pressing mechamism 50 has the displace-
ment-side holder 29, the fixed-side holder 30, a pressing
member 51 and a bimetal 31.

The displacement-side holder 29 1s made of a synthetic
resin having suflicient strength, stiflness, heat resistance and
o1l resistance such as a high function resin, and has a
cylinder shape of which both axial ends are opened. A
sectional shape of the outer peripheral surface of the dis-
placement-side holder 29 with respect to the virtual plane
orthogonal to the central axis of the worm shaft 6a 1is
substantially rectangular, and a sectional shape of the inner
peripheral surface of the displacement-side holder 29 with
respect to the virtual plane 1s circular.

Also, both surfaces (both surfaces in the left-right direc-
tion 1n FIG. 11B) 1n the width direction of the displacement-
side holder 29 of an outer surface of the displacement-side
holder 29 are formed as flat surfaces and are configured as
a pair of oscillated guide surfaces 32, 32.

Also, both surfaces (both surfaces in the upper-lower
direction of FIG. 11B) 1 a height direction of the outer
surface of the displacement-side holder 29 are all formed as
flat surfaces, and one surface (an upper surface in FIG. 11B)
of both surfaces i1s configured as a first displacement-side
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outer surface 33 and the other surface 1s configured as a
second displacement-side outer surface 35.

The displacement-side holder 29 having the above con-
figuration 1s mounted with an inner peripheral surface
thereot being externally fitted and fixed to the outer periph-
eral surface of the outer ring 22a configuring the rolling
bearing 9a by interference {it.

Like the displacement-side holder 29, the fixed-side
holder 30 1s made of a synthetic resin having suflicient
strength, stiflness, heat resistance and o1l resistance such as
a high function resin, and has a cylinder shape of which both
axial ends are opened. Also, a sectional shape of the outer
peripheral surface of the fixed-side holder 30 with respect to
the virtual plane orthogonal to the central axis of the worm
shaft 6a 1s circular, and a sectional shape of the inner
peripheral surface of the fixed-side holder 30 with respect to
the virtual plane 1s substantially rectangular. In the mean-
time, the fixed-side holder 30 may be made of a material
different from the displacement-side holder 29.

Also, intermediate parts 1n a height direction of both
surfaces 1n the width direction of the fixed-side holder 30 of
an 1nner surface of the fixed-side holder 30 are formed as flat
surfaces more protruding inward 1n the width direction than
the other parts and are configured as a pair of oscillation
guide surfaces 38, 38.

Also, an mtermediate part in the width direction of the
first fixed-side mner surface 39, which 1s one surface (an
upper surface in FIG. 11B) of both surfaces in the height
direction of the 1nner surface of the fixed-side holder 30, 1s
formed with a fixed-side escape concave portion 40 that 1s
long 1n the axial direction, and both end portions 1n the width
direction of the first fixed-side mner surface 39 are formed
with a pair of first fixed-side convex portions 41a, 415,
which are long 1n the axial direction and more protrude than
a bottom surface of the fixed-side escape concave portion
40.

In contrast, the second fixed-side inner surface 42, which
1s the other surface (a lower surface 1n FIG. 11B) of both
surfaces 1n the height direction of the mner surface of the
fixed-side holder 30, 1s formed as a flat surface.

The fixed-side holder 30 having the above configuration
1s mounted with the outer peripheral surface thereol being
internally fitted and fixed to the inner peripheral surface of
the large-diameter cylinder part 44 formed at the inner part
(a left end portion in FIG. 11) of the worm shaft accommo-
dation part 20 configuring the housing 3.

At the mounted state as described above, one axial end
surface of the fixed-side holder 30 i1s 1n contact with the
stepped portion 45 configured to continue the large-diameter
cylinder part 44 configuring the worm shaft accommodation
part 20 and the part located at one axial side beyond the
large-diameter cylinder part 44.

Also, both oscillation guide surfaces 38, 38 of the fixed-
side holder 30 are in contact with both oscillated guide

surfaces 32, 32 of the displacement-side holder 29. Also, the
first fixed-side inner surface 39 of the fixed-side holder 30
faces the first displacement-side outer surface 33 of the
displacement-side holder 29, and a mounting space 46 for
mounting therein the pressing member 51 and the bimetal 31
(which will be described later) 1s formed between both the
surfaces 38, 34. In the meantime, the second fixed-side inner
surface 42 of the fixed-side holder 30 faces the second
displacement-side outer surface 35 of the displacement-side
holder 29 with a radial gap being interposed therebetween.
In the meantime, a radial size of the gap between the second
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displacement-side outer surface 35 and the second fixed-side
inner surface 42 1s appropriately determined depending on
using situations.

The pressing member 51 1s a compression coil spring and
has one end portion (an end portion opposite to the worm
shaft 6a) supported to a central portion of a side surface,
which faces toward the worm shaift 6a, of both side surfaces
of the bimetal 31 (which will be described later). In the
meantime, the other end portion (an end portion of the worm
shaft 6a) of the pressing member 51 1s supported to a central
portion of the first displacement-side outer surface 33 con-
figuring the displacement-side holder 29. At a mounted state
of FIG. 11, the pressing member 51 having the above
configuration 1s mounted between the first displacement-
side outer surface 33 and the bimetal 31 with an axial size
thereol being elastically contracted (the elastic force being
kept). At this state, the pressing member 51 1s configured to
urge the tip portion of the worm shaft 6a toward the worm
wheel 5 by a predetermined pressing force. In the meantime,
a means lfor supporting one end portion of the pressing
member 51 to the side surface of the bimetal 31 facing
toward the worm shaft 6a and a means for supporting the
other end portion of the pressing member 51 to the first
displacement-side outer surface 33 are not particularly lim-
ited.

The bimetal 31 1s a member corresponding to the com-
posite metal member of the claims, and 1s formed by
laminating two rectangular plate-shaped metal plates having
different thermal expansion coeflicients (a metal plate hav-
ing a low thermal expansion coeflicient and a metal plate
having a high thermal expansion coethicient). When a ref-
erence temperature (20° C., 1n the sixth example) 1s set, the
bimetal 31 1s not deformed at the reference temperature and
has a flat plate shape. In the sixth example, the bimetal 31
1s disposed so that a longitudinal direction of the bimetal 31
coincides with the width direction (a left-right direction 1n
FIG. 11B) of the displacement-side holder 29. The bimetal
31 disposed 1n such a manner 1s bent so that a center 1n the
width direction of one side surface 47 in the thickness
direction of the bimetal 31 becomes a convex surface and a
center 1n the width direction of the other side surface 48 1n
the thickness direction becomes a concave surface when the
temperature (surrounding temperature) of the bimetal 31
becomes higher than the reference temperature. On the other
hand, the bimetal 1s bent so that the center in the width
direction of one side surface 47 1n the thickness direction of
the bimetal 31 becomes a concave surface and the center in
the width direction of the other side surface 48 in the
thickness direction becomes a convex surface when the
temperature (surrounding temperature) of the bimetal 31
becomes lower than the reference temperature. That 1s, the
bimetal 31 1s configured to be bent (deformed) in the
opposite directions when the temperature of the bimetal 31
1s higher and lower than the reference temperature. In the
meantime, as the structure and the material of the bimetal 31,
a variety of well-known structures and materials can be
adopted within a range satistying the above-described con-
ditions. As the specific materials, N1—Fe alloy may be used
as a material of the metal plate having the low thermal
expansion coellicient. In the meantime, N1, Zn—Cu alloy,
N1—Cr—Fe alloy, N—Mn—Fe alloy, Ni—Mo—Fe alloy,
Cu—Ni1—Mn alloy or the like may be used as a material of
the metal plate having the high thermal expansion coefli-
cient, depending on using temperature ranges or the like.

The bimetal 31 having the above configuration 1s disposed
in the mounting space 46 with one side surface 47 1n the
thickness direction facing the first fixed-side mnner surface
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39 of the fixed-side holder 30 and the other side surface 48
in the thickness direction facing the first displacement-side
outer surface 33 of the displacement-side holder 29. At this
state, both end portions in the width direction of one side
surface 47 1n the thickness direction of the bimetal 31 are 1n
contact with both tip surfaces of both the first fixed-side
convex portions 41a, 415 of the fixed-side holder 30. In
contrast, the other end portion of the pressing member 51 1s
supported to a central portion in the width direction of the
other side surface 48 in the thickness direction of the bimetal
31.

The states of the electric power steering device having the
above configuration of the sixth example upon the operation
are described with reference to FIGS. 11 to 13.

First, FIG. 11 depicts a state where the bimetal 31 1s at the
reference temperature (20° C., 1n the sixth example). At this
state, since the pressing member 51 urges the tip portion of
the worm shait 6a toward the worm wheel 5 by a predeter-
mined pressing force (reference pressing force), the back-
lash of the meshing part between the worm teeth 7a of the
worm shait 6a and the worm wheel 5 1s adjusted to the
reference backlash amount.

Meanwhile, at the state of FIG. 11, when the central axis
of the worm shatt 6qa 1s denoted with a reference central axis
O,, the reference central axis oscillates and 1s displaced
toward the worm wheel 5 by a predetermined angle with
respect to a central axis O4 of the electric motor 8. Also, at
the state of FIG. 11, the bimetal 31 has a flat plate shape
without being deformed.

From the state of FIG. 11, when the surrounding tem-
perature 1ncreases, the worm wheel 5 1s thermally expanded
in association with the increase in temperature, so that the
worm wheel 5 presses the worm shaft 6a away from the
worm wheel 5 (toward the upper 1in FIGS. 11 and 12), as
shown in FIG. 12. Then, the worm shaft 6a oscillates and 1s
displaced away from the worm wheel 5 (refer to a direction
denoted with an arrow a i FIG. 12). Also, 1n association
with the oscillation and displacement, the displacement-side
holder 29 externally fitted and fixed to the worm shait 6a 1s
also displaced away from the worm wheel 5 with both

oscillated guide surfaces 32, 32 of the displacement-side
holder 29 being guided by both oscillation guide surfaces 38,
38 of the fixed-side holder 30.

When the worm shaft 6 and the displacement-side holder
29 are displaced as described above, 11 a position of one end
portion (an upper end portion 1 FIG. 11) of the pressing
member 31 1s not changed from the position of FIG. 11, a
position of the other end portion of the pressing member 51
1s displaced away from the worm wheel 3 1n association with
the displacement of the displacement-side holder 29, so that
an axial length size of the pressing member 31 1s reduced
(contracted). Then, an elastic force (spring force) of the
pressing member 51 becomes higher than the state of FIG.
11. As a result, the pressing force by which the pressing
member 51 presses the tip portion of the worm shait 6a
toward the worm wheel S becomes higher than the reference
pressing force at the state of FIG. 11.

In the meantime, in the sixth example, when the worm
wheel 5 1s thermally expanded as the surrounding tempera-
ture 1increases, the temperature of the bimetal 31 also
increases and the bimetal 1s deformed (bent) so that a center
in the width direction of one side surtace 47 in the thickness
direction, which 1s a side surface facing the fixed-side holder
30, of side surfaces of the bimetal 31 becomes a convex
surface and a center 1n the width direction of the other side
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surface 48 1n the thickness direction, which 1s a side surface
facing the displacement-side holder 29, becomes a concave
surtace.

At the deformed state as described above, the central
portion 1n the width direction of one side surface 47 1n the
thickness direction of the bimetal 31 1s displaced away from
the worm wheel 5 and 1s located 1n the fixed-side escape
concave portion 40 of the fixed-side holder 30. With this, the
central portion in the width direction of the other 31de
surface 48 1n the thickness direction of the bimetal 31 1s also
displaced away from the worm wheel 5. Then, one end
portion of the pressing member 51 supported to the other
side surface 48 in the thickness direction of the bimetal 31
1s also displaced away from the worm wheel 5. In the
meantime, a displacement amount of one end portion of the
pressing member 51 1n the above direction 1s determined by
the deformation amount of the bimetal 31. The deformation
amount of the bimetal 31 due to the change 1n temperature
1s appropriately determined to be the same or substantially
the same (an amount within a predetermined range) as a
displacement amount that the other end portion of the
pressing member 51 1s displaced away from the worm wheel
5 when the worm wheel 5 1s thermally expanded due to the
change 1n temperature.

Like this, according to the sixth example, even when the
surrounding temperature increases and the state 1s thus
changed from the state of FIG. 11 to the state of FIG. 12, the
pressing member 51 1s not contracted, as compared to the
state of FIG. 11. Specifically, even when the other end
portion of the pressing member 51 1s displaced away from
the worm wheel 5 upon the thermal expansion of the worm
wheel 5 due to the change 1n temperature, since the bimetal
31 1s deformed 1n the above-described manner, the other end
portion of the pressing member 31 15 also displaced away
from the worm wheel 5. In the sixth example, the displace-
ment amount of the other end portion of the pressing
member 51 and the displacement amount of one end portion
of the pressing member 31 are regulated to be the same or
to be substantially the same. For this reason, the axial length
s1ze of the pressing member 51 does not change, and even
when 1t changes, 1t 1s a slight change of which a change
amount 1s within a predetermined range.

In contrast, when the surrounding temperature decreases
from the state of FIG. 11, the worm wheel 5 1s contracted 1n
association with the temperature decrease. Then, as shown
in FIG. 13, the worm shaft 6a 1s enabled to oscillate and be
displaced toward the worm wheel 5 (a direction denoted
with 3 1 FIG. 13) by a predetermined angle 02 by the
pressing force of the pressing member 51. Also, with the
oscillation and displacement, the displacement-side holder
29 externally fitted and fixed to the worm shaft 6a 1is
displaced toward the worm wheel 5 with both oscillated
guide surfaces 32, 32 of the displacement-side holder 29
being guided by both oscillation guide surfaces 38, 38 of the
fixed-side holder 30. Meanwhile, in the sixth example, at the
state of FI1G. 13, the second displacement-side outer surface
35 of the displacement-side holder 29 and the second
fixed-side 1nner surface 42 of the fixed-side holder 30 are 1n
contact with each other. At the state where the second
displacement-side outer surface 35 and the second fixed-side
iner surface 42 are 1n contact with each other, the displace-
ment-side holder 29 is not further displaced toward the
worm wheel 3.

When the displacement-side holder 29 1s displaced as
described above, 1 the position of one end portion of the
pressing member 51 does not change from the position of
FIG. 11, the position of the other end portion of the pressing
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member 51 1s displaced toward the worm wheel 5 in
association with the displacement of the displacement-side
holder 29, so that the axial length size of the pressing
member 51 1s increased (expanded). Then, the elastic force
(spring force) of the pressing member 51 becomes lower
than the state of FIG. 11. As a result, the pressing force by
which the pressing member 51 presses the tip portion of the
worm shaft 6a toward the worm wheel 5 becomes lower than
the reference pressing force at the state of FIG. 11.

On the other hand, in the sixth example, when the worm
wheel 5 1s contracted as the surrounding temperature
decreases, the temperature of the bimetal 31 correspond-
ingly decreases and 1s deformed (bent) so that the center 1n
the width direction of the other side surface 48 in the
thickness direction, which 1s a side surface facing the
displacement-side holder 29, of the side surfaces of the
bimetal 31 becomes a convex surface and the center i the
width direction of one side surface 47 in the thickness
direction, which 1s a side surface facing the fixed-side holder
30, becomes a concave surface, as shown in FIG. 13.

At the deformed state as described above, both end
portions 1n the width direction of one side surface 47 1n the
thickness direction of the bimetal 31 press (contact) upward
both the first fixed-side convex portions 41a, 4156 of the
fixed-side holder 30 in FIG. 13. Then, since the fixed-side
holder 30 1s supported to the housing 3, the central portion
in the width direction of the other side surface 48 in the
thickness direction of the bimetal 31 presses (displaces)
downward one end portion of the pressing member 31 by a
reactive force based on the pressing, in FIG. 13. Then, one
end portion of the pressing member 51 supported to the other
side surface 48 1n the thickness direction of the bimetal 31
1s also displaced away from the worm wheel 3.

Like this, according to the sixth example, even when the
surrounding temperature decreases and the state 1s thus
changed from the state of FIG. 11 to the state of FIG. 13, the
pressing member 51 1s not contracted, as compared to the
state of FIG. 11. Specifically, even when the other end
portion of the pressing member 31 1s displaced toward the
worm wheel 5 upon the contraction of the worm wheel S due
to the change 1n temperature, since the bimetal 31 1s
deformed 1n the above-described manner, the other end
portion of the pressing member 51 1s also displaced toward
the worm wheel 5. In the sixth example, the displacement
amount of the other end portion of the pressing member 51
and the displacement amount of one end portion of the
pressing member 51 are regulated to be the same or to be
substantially the same. For this reason, the axial length size
of the pressing member 31 does not change, and even when
it changes, 1t 1s a slight change of which a change amount 1s
within a predetermined range.

According to the electric power steering device having the
above configuration of the sixth example, 1t 1s possible to
keep the pressing force by which the worm shaift 6a is to be
pressed toward the worm wheel 5 to the appropriate mag-
nitude (the reference pressing force), irrespective of the
expansion and contraction of the worm wheel 5.

That 1s, 1n the sixth example, it 1s possible to keep the
axial size of the pressing member 51 constant or substan-
tially constant even when the temperatures of the worm
wheel 5 and the bimetal 31 become higher or lower than the
reference temperature. For this reason, it 1s possible to keep
the pressing force (spring force) by which the pressing
member 51 1s to press the worm shaft 6a toward the worm
wheel 5 and the backlash of the meshing part between the
worm shaft 6a and the worm wheel 5 to the appropnate
magnitudes. As a result, 1t 1s possible to prevent the frictional

10

15

20

25

30

35

40

45

50

55

60

65

28

force of the meshing part from increasing and the gear-tooth
striking sound from being generated.

Seventh Example of Embodiment

A seventh example of the embodiment of the present
invention 1s described with reference to FIG. 14. According
to the electric power steering device of the seventh example,
the oscillation pressing mechamism 30 having the same
configuration as the sixth example of the embodiment 1is
mounted between the tip-side shaift part 27 of the worm shaft
6a and the large-diameter cylinder part 44 formed at the
inner side of the housing 3 via the rolling bearing 9a with
being rotated by 43° in one circumierential direction (a
counterclockwise direction of FIGS. 11B, 12B, 13B and 14),
as compared to the sixth example of the embodiment.
Therefore, when the surrounding temperature increases or
decreases, the displacement direction of the displacement-
side holder 29 and the oscillation direction of the worm shaft
6a are also rotated by 45° with respect to the sixth example
of the embodiment.

As described above, the angle by which the oscillation
mechanism 30 1s to be rotated 1s arbitrarily set, so that 1t 1s
possible to arbitrarily set the displacement direction of the
displacement-side holder 29 and the oscillation direction of
the worm shait 6a. The other configurations and eflects are
the same as the first example of the embodiment. The other
configurations and operational eflects are the same as the
sixth example of the embodiment.

The subject application 1s based on a Japanese Patent
Application No. 2014-25288]1 filed on Dec. 15, 2014, which

1s herein mcorporated by reference.

INDUSTRIAL APPLICABILITY

As described above, when implementing the present
invention, the configuration where the pair of bimetals is to
be symmetrically deformed with respect to the central axis
of the worm shaft or the configuration where the pair of
bimetals 1s to be deformed in the same direction may be
adopted.

Also, when implementing the present invention, the con-
figuration where both bimetals are disposed so that the
longitudinal directions of both bimetals coincide with the
width direction of the displacement-side holder may be
adopted. In this case, both bimetals may be disposed so that
the sectional shape with respect to the virtual plane orthogo-
nal to the central axis of the worm shaift 1s bent so that the
central portion in the width direction of the displacement-
side holder becomes a convex surface or a concave surface
when the temperature changes.

Also, when implementing the present invention, the con-
figuration where both bimetals are disposed so that the
longitudinal directions of both bimetals coincide with the
axial direction of the worm shait may be adopted. In this
case, both bimetals may be bent so that the sectional shape
with respect to the virtual plane orthogonal to the central
axis of the worm shait has such a shape that the axially
central portion of the worm shait becomes a convex surface
or a concave surface. In the meantime, the shape of the
bimetal 1s not limited to the respective examples of the
embodiment.

Also, the positions and numbers of the convex portions
provided on the outer surface of the displacement-side
holder and the convex portions provided on the 1inner surface
of the fixed-side holder are not limited to the respective
examples of the embodiment.
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Also, when implementing the present invention, a press-
ing mechanism for pressing the worm shait to the worm
wheel 1n advance (for applying a preload to the meshing part
between the worm teeth and the worm wheel) may also be
adopted, like the elasticity applying means 18 (refer to FIG.
16) of the first example of the embodiment.

Also, when implementing the present invention, the ref-
erence temperature 1s a temperature upon switch of the
oscillation direction of the worm shaft and 1s appropnately
determined with a relation with the thermal expansion
coeflicient of the worm wheel. Therefore, the deformation
aspect of the composite metal member at the reference
temperature 1s not particularly problematic. For example, the
composite metal member may be deformed (bent) so as to
apply the pressing force of a direction toward the worm
wheel to the worm shait at the reference temperature.

Also, 1n the respective examples of the embodiment, the
present invention has been applied to the column assist-type
clectric power steering device. However, the present inven-
tion can also be applied to a variety of electric power
steering devices such as a pinion assist-type electric power
steering device.

DESCRIPTION OF REFERENCE NUMERALS

1: steering wheel, 2: steering shait, 3: housing, 4, 4a:
worm decelerator, 5: worm wheel, 6, 6a, 65: worm shaft, 7,
7a, 7b: worm teeth, 8: electric motor, 9a, 9b6: rolling bearing,
10: rotary shaft, 11a, 115: rolling bearing, 12: torsion bar,
13: torque sensor, 14a, 145: universal joint, 15: intermediate
shaft, 16: steering gear unit, 17: mput shaft, 18: elasticity
applying means, 19: base end-side shait part, 20: worm shaft
accommodation part, 21a, 21b: inner ring, 22a, 22b: outer
ring, 23: stepped portion, 24: male spline part, 25: joint, 26:
temale spline part, 27: tip-side shaft part, 28, 28a, 285, 28¢:
oscillation mechanism, 29, 29a, 295, 29¢: displacement-side
holder, 30, 30a, 304, 30c¢: fixed-side holder, 31, 31a, 315,
31c, 31d, 31e, 31, 312, 31/ bimetal, 32: oscillated guide
surtace, 33, 33a, 335H: first displacement-side outer surface,
34, 34a, 34b: first displacement-side convex portion, 35,
35a, 35b: second displacement-side outer surface, 36, 36a:
displacement-side escape concave portion, 37, 37a, 37b:
second displacement-side convex portion, 38: oscillation
guide surface, 39, 39a, 395: first fixed-side inner surface, 40,
40a, 40b: fixed-side escape concave portion, 41, 41a, 415b:
first fixed-side convex portion, 42, 42a, 42b: second fixed-
side inner surface, 43, 43a, 435: second fixed-side convex
portion, 44: large-diameter cylinder part, 45: stepped por-
tion, 46, 46a, 46b: mounting space, 47, 47a, 47b, 47¢c, 47d,
d7e, 471, 472, 47h: one side surface, 48, 48a, 48b, 48¢, 484,
48¢, 481, 48, 48/: other side surface, 49: second fixed-side
escape concave portion, 50: oscillation pressing mechanism,
51: pressing member

The 1nvention claimed 1s:

1. An electric power steering device comprising:

a housing fixed to a fixed part so as not to rotate;

a rotary shaft for steering rotatably provided to the
housing and configured to rotate 1n accordance with an
operation of a steering wheel and to apply a steering
angle to steered wheels by the rotation;

a worm wheel supported to a part of the rotary shait for
steering concentrically with the rotary shatt for steering
within the housing and configured to rotate together
with the rotary shait for steering;

a worm shaft comprises worm teeth provided on an
axially intermediate part, the worm shaft of which parts
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being rotatably supported to the housing by bearings
with the worm teeth being meshed with the worm
wheel;

an electric motor provided to rotate the worm shaft;

a composite metal member formed by laminating a plu-
rality of metal plates having different thermal expan-
sion coellicients, the composite metal member being
capable of causing the worm shait to oscillate and be
displaced away from the worm wheel on the basis of
deformation of the composite metal member when a
temperature thereof becomes higher than a reference
temperature, the composite metal member being
capable of causing the worm shait to oscillate and be
displaced toward the worm wheel on the basis of
deformation of the composite metal member when the
temperature thereol becomes lower than the reference
temperature; and

a pressing member pressing the worm shaft toward the
worm wheel,

wherein the composite metal member 1s provided between
an end portion of the pressing member, which 1is
opposite to the worm shaft, and an nner peripheral
surface of the housing,

wherein the composite metal member 1s capable of being
deformed 1n a direction and, when deformed in the
direction, suppresses an increase to a magnitude of a
pressing force when a temperature thereol becomes
higher than the reference temperature, the pressing
force being by which the pressing member 1s to press
the worm shaft toward the worm wheel, and

wherein the composite metal member 1s further capable of
being deformed in the direction, and, when deformed 1n
the direction, suppresses a decrease to the magnitude of
the pressing force when the temperature thereof
becomes lower than the reference temperature.

2. The electric power steering device according to claim

1,

wherein the composite metal member 1s deformed 1n a
direction 1n which a position of an end portion of the
pressing member opposite to the worm shaft 1s dis-
placed away from the worm shait if the temperature
thereof becomes higher than the reference temperature,
as compared to a case where the temperature thereof 1s
the reference temperature, and

wherein the composite metal member 1s deformed 1n a
direction 1n which the position of the end portion of the
pressing member opposite to the worm shaft 1s permit-
ted to be displaced toward the worm shaft i1f the
temperature thereol becomes lower than the reference
temperature, as compared to the case where the tem-
perature thereol 1s the reference temperature.

3. The electric power steering device according to claim

1,

wherein the composite metal member and the pressing
member are held by a holder.

4. An electric power steering device comprising:

a housing fixed to a fixed part so as not to rotate;

a rotary shaft for steering rotatably provided to the
housing and configured to rotate 1n accordance with an
operation of a steering wheel and to apply a steering
angle to steered wheels by the rotation;

a worm wheel supported to a part of the rotary shaift for
steering concentrically with the rotary shaft for steering,
within the housing and configured to rotate together
with the rotary shait for steering;

a worm shaft comprises worm teeth provided on an
axially intermediate part, the worm shaft of which parts
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being rotatably supported to the housing by bearings
with the worm teeth being meshed with the worm
wheel;

an electric motor provided to rotate the worm shaft; and

a composite metal member formed by laminating a plu-
rality of metal plates having different thermal expan-
sion coellicients, the composite metal member being
capable of causing the worm shait to oscillate and be
displaced away from the worm wheel on the basis of
deformation of the composite metal member when a
temperature thereof becomes higher than a reference
temperature, the composite metal member being
capable of causing the worm shait to oscillate and be
displaced toward the worm wheel on the basis of
deformation of the composite metal member when the
temperature thereof becomes lower than the reference
temperature;

wherein an other composite metal member 1s held at a
radially opposite part of the worm shatit by a holder as
compared to the composite metal member,

wherein a first of the composite metal member and the
other composite metal member, which 1s closer to the
worm wheel than a second of the composite metal
member and the other composite metal member, 1s
configured to cause the worm shait to oscillate and be
displaced away from the worm wheel on the basis of
deformation of the composite metal member when the
temperature thereol becomes higher than the reference
temperature, and

wherein the second of the composite metal member and
the other composite metal member, which 1s more
distant from the worm wheel than the first of the
composite metal member and the other composite
metal member, 1s configured to cause the worm shafit to
oscillate and be displaced toward the worm wheel on
the basis of deformation of the composite metal mem-
ber when the temperature thereof becomes lower than

the reference temperature.
5. The electric power steering device according to claim

wherein when the first of the composite metal member
and the other composite metal member applies to the
worm shaft one pressing force for causing the worm
shaft to oscillate and be displaced away from the worm
wheel, the second of the composite metal member and
the other composite metal member does not apply to
the worm shait a pressing force of an opposite direction
to the one pressing force, and

wherein when the second of the composite metal member
and the other composite metal member applies to the
worm shait the other pressing force for causing the
worm shaft to oscillate and be displaced toward the
worm wheel, the first of the composite metal member
and the other composite metal member does not apply
to the worm shaift a pressing force of an opposite
direction to the other pressing force.

6. The electric power steering device according to claim

wherein the holder 1s configured by a fixed-side holder
and a displacement-side holder,

wherein the fixed-side holder 1s formed to have a cylinder
shape and 1s supported and fixed so that an outer
peripheral surface of the fixed-side holder 1s internally
fitted to an 1nner peripheral surface of the housing,

wherein the displacement-side holder 1s formed to have a
cylinder shape and 1s supported to a part of the worm
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shaft which 1s 1nserted into an 1nner diameter-side part
of the fixed-side holder, and

wherein the composite metal member and the other com-
posite metal member are respectively held at radially
opposite parts between an inner peripheral surface of
the fixed-side holder and an outer peripheral surface of
the displacement-side holder.

7. The electric power steering device according to claim

wherein a sectional shape of an inner surface of the
fixed-side holder with respect to a wvirtual plane
orthogonal to a central axis of the worm shaft 1s formed
to have a rectangular shape,

wherein a sectional shape of an outer surface of the
displacement-side holder with respect to the virtual
plane 1s formed to have a rectangular shape,

wherein a pair of radially opposite mner surfaces of an
inner surface of the fixed-side holder 1s respectively
configured as a first fixed-side inner surface and a
second fixed-side inner surface,

wherein outer surfaces of the displacement-side holder
facing the first and second fixed-side inner surfaces are
configured as a first displacement-side outer surface
and a second displacement-side outer surface,

wherein both end portions 1n a width direction of the first
fixed-side inner surface are formed with a pair of first
fixed-side convex portions,

wherein a cenftral portion 1 a width direction of the

second fixed-side inner surtace 1s formed with a second
fixed-side convex portion,

wherein a central portion 1n a width direction of the first
displacement-side outer surface 1s formed with a first
displacement-side convex portion,

wherein both end portions 1 a width direction of the
second displacement-side outer surface are formed
with a pair of second displacement-side convex por-
tions,

wherein 1n a state that the first of the composite metal
member and the other composite metal member 1s
disposed between the first fixed-side 1nner surface and
the first displacement-side outer surface, the first of the
composite metal member and the other composite
metal member 1s disposed so that both end portions 1n
the width direction of a side surface facing the fixed-
side holder are in contact with tip surfaces of both the
first fixed-side convex portions and the one of which a
central portion 1n the width direction of a side surface
facing the displacement-side holder are 1n contact with
a tip surface of the first displacement-side convex
portion, and

wherein 1n a state that the second of the composite metal
member and the other composite metal member 1is
disposed between the second fixed-side inner surface
and the second displacement-side outer surface, of the
composite metal member and the other composite
metal member 1s disposed so that a central portion 1n
the width direction of a side surface facing the fixed-
side holder 1s 1n contact with a tip surface of the second
fixed-side convex portion and both end portions 1n the
width direction of a side surface facing the displace-
ment-side holder are 1n contact with tip surfaces of both
the second displacement-side convex portions.
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8. The electric power steering device according to claim
4,
wherein the composite metal member and the other com-
posite metal member are configured so that they are to
be symmetrically deformed with respect to a central 5
axis of the worm shatt.
9. The electric power steering device according to claim
4,
wherein the composite metal member and the other com-
posite metal member are configured so that they are to 10
be deformed in the same direction.
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